In addition, it was observed (Alexander and Orbach 1982) that 8, so determined, with known estimates of t, vp and pP, appears to be numerically close to $ for all Euclidean dimensions 1 < d 6 6. However, the previously introduced exponent m w appears as a combination of the fractal and spectral dimensions. In order to obtain 'pure' quantities, where the spectral dimension enters alone, one has to consider other random walk properties such as the probability Po(t) of presence at the origin after t steps:
Anomalous diffusion near the percolation threshold of a randomly diluted network has been of considerable interest in recent years. Recently there have been many contributions to the theory of the 'ant in the labyrinth' problem (Alexander and Orbach 1982 Toulouse 1983) . The recent progress results from the basic observation that the infinite percolation cluster at threshold behaves essentially as a fractal (self-similar) structure (Mandelbrot 1982) . Scaling analysis (Gefen eta1 1983) for the average diffusion constant was outlined both above and below the threshold p c and recent numerical results (Havlin et a1 1983) are in good agreement with the prediction of the scaling theory. The main ingredient in this scaling theory is given by the anomalous behaviour of the mean square distance travelled by the random walker on a fractal structure (Alexander and Orbach 1982) :
where d and d are respectively the fractal and the spectral dimensionalities of the structure. For instance, for the percolating clusters, d' and d' are given by
In addition, it was observed (Alexander and Orbach 1982) that 8, so determined, with known estimates of t, vp and pP, appears to be numerically close to $ for all Euclidean dimensions 1 < d 6 6. However, the previously introduced exponent m w appears as a combination of the fractal and spectral dimensions. In order to obtain 'pure' quantities, where the spectral dimension enters alone, one has to consider other random walk properties such as the probability Po(t) of presence at the origin after t steps:
or the average number of distinct sites visisted during a t-steps random walk S ( t ) (Rammal and Toulouse 1983) : In this Letter the scaling theory is extended to quantities like Po(t) and S ( t ) which are of interest in some physical problems (diffusion in presence of traps, spectral diffusion etc). The results obtained are also checked numerically for bond percolation in the Bethe lattice case.
Let us consider a simple random walk on a finite cluster of size n. The behaviour of s,(t), the average number of distinct visited sites, after t steps, is given by the following scaling form:
where q ( x G 1) = x and V(x 9 1) --1. This expression for s, ( t ) describes the crossover between _the free regime (equation (3b)) and the saturation regime reached when sm ( t ) -becomes comparable to the finite size n of the cluster. Similarly, the expression of P(")(t) giving the probability of return to the original site after t steps can be written as
where q ( x S 1) = x and q ( x G 1) = 1.
The above expressions for s,(t) and P(")(t) are expected to hold in any fractal structure (provided d < 2 for equation (4a) and particularly for percolation clusters.
Indeed, percolation clusters are well represented as fractal structures, at short distances, up to the percolation correlation length &, . Averaged expressions are then obtained with the help of the Stauffer cluster distribution (Stauffer 1979) 
where n* =$ andp, denotes the probability for a given site to belong to a cluster of size n. At threshold p , , one obtains simply from equations (4.5) the following results:
Below p , , analogous calculations lead to similar expressions. For instance,
where f(x) denotes a universal function, with the following behaviour: f(x 1) = x3-r and f(x 9 1) = 1. A crossover in the behaviour of ( S ( t ) ) is therefore expected to
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The equation (7) shows that the average number of visited sites up to time tis described by a single scaling function in which the crossover between two power regimes (in time) nearp, and below it occurs at time t*. This result is analogous to that predicted for the diffusion constant (Gefen et a1 1983) and can be extended t o p > p c in a similar fashion. Similar expressions for P ( t ) at p < p c a n d p > p c can be derived following the same previous analysis.
In the following, we present some numerical simulations of random walks on bond percolation clusters, on a Bethe lattice of coordination number z . The results are studied on the basis of the scaling functions (equations (6), (7)). Both the scaling ansatz and the resulting scaling relations are obeyed quite well by the numerical data, thus supporting the physical assumptions about the scaling properties near the percolation threshold (Ip/pc -11 4 1). For the sake of simplicity, the diffusion was performed by a standard Monte Carlo method, on a Bethe lattice of coordination number z = 3 or 4. Each walk starts from a site (the origin) which is assumed to belong to a cluster. The cluster, of arbitrary size, is constructed at the beginning of the walk, and all measured quantities are obtained by averaging over the cluster distribution thus generated. We have studied
( P ( t ) -P ( m ) ) and ( S ( t ) )
in the range 11 -p/pcl i 0.20 for z = 3 and 4. We reached a maximum diffusion time of about 2000steps. To increase the statistics, we have averaged over lo6 walks for ( P ( t ) -P( m ) ) and lo5 walks for ( S ( t ) ) . Taking the value t = 8 for the Bethe lattice, the slope of P ( t ) as function of t in a log-log plot was used (at p = p c ) to extract the value of d. We found: d = 1.33 5 0.01 in good agreement with the prediction d = 4 of equation (2), when written as
where j3, = 1, vp = f , 6, = 2 and f = 3 (Stauffer 1979) .
In figure 1, ( P ( t ) ) is shown as a function of the variable f-(7-1)d'2 = f-', for z = 3 and 4 and 20 G t 6 300. The expected asymptotic linear variation is well obeyed, as it should be.
A remarkable feature is that a t p > p c the system has at least one infinite cluster with probability unity and the amplitude Po(t) on this cluster decays to zero for t+ a according to equation (3a). However, ( P ( t ) ) is finite for p 2 p c (as for p < p c ) in the limit r+ because of the finite clusters, which are also reflected of course in the configuration average. Taking into account clusters with zero bond, the value of ( P ( CO)) a t p < p c can be written as
The last term in equation (8) comes from isolated sites (or zero bond clusters) and similar calculations permit us to obtain ( P ( w ) ) a t p > p c , which remains finite a t p < 1.
Similar results for ( S ( t ) )
have been used in order to extract the value of 2 (equation Finally, in order to check the scaling law (equation (7) figure 3 in the scaling form of equation (7). The symbols mark different concentrations below p c . As a function of the reduced variable x = n*/f12 = the scaling functionf(x) = (S( t))t-1/3exhibit~ clearly the expected behaviour: linear inx112 at smallx and a saturation for large x. The crossover behaviour between these two regimes as well as the scaling behaviour are therefore confirmed. This universal behaviour confirms a posteriori the value 2 = 4 in the case studied (see equation (2)).
In conclusion, we have shown in this Letter that various properties of random walks on percolation clusters are well described by the scaling theory. The above approach can be extended to study other properties relative to diffusion on percolation clusters both above and below the threshold p c . Numerical simulations for quantities like P( t ) or ( S ( t ) ) provide a direct determination of the spectral dimension d , and therefore permit a reliable check of conjectures relative to its precise value.
ing data are shown in figure 2, where ( S ( t ) ) is plotted directly as a function of [ I 3 . ; P It is
